INTRODUCTION
Diabetes and high blood glucose, if not controlled, can cause long-term complications such as cardiovascular diseases along with pathological and functional disorders in the eyes, kidneys reproductive and nerves systems [1] . Diabetes is one of the most important pathological causes of the oxidative stress [2] . According to some previously-conducted research in this area, lipid oxidation and activities of superoxide dismutase, glutathione peroxidase and catalase enzymes were increased in the kidneys by diabetes. On the other hand, diabetes induced oxidative stress in all organs including kidneys [3] . Moreover, maternal diabetes mellitus was related to some developmental anomalies including in kidneys as shown in animals and human-related studies. The relationship between teratogenic effect, and free radicals, and oxidative stress has been reported in several studies [4, 5, 6] . In addition, it was reported that oxidative stress and free radicals caused nephropathy, and tubular apoptosis and damaged podocytes and glomeruli in diabetic conditions [5] .
Some studies have shown that the teratogenic effects of diabetes can be minimized by the application of antioxidant drugs. The activities of antioxidant enzymes such as catalase and GPX in the kidney of diabetic rats were decreased by utilizing of Alpha-lipoic acid and vitamin C [6] .
Quercetin is one of the most frequently studied flavonoids, which are abundant fruits and vegetables that eliminate free radicals by binding with hydrogen and oxygen radicals to prevent peroxidation lipids and cell death oxidative damages [7] . This flavonoid has been evaluated in various experimental diabetic studies; for example, some research investigated that the preventive effect of quercetin in the hyperglycemia condition which is induced by streptozotocin along with reduced oxidative stress and increased antioxidant enzyme activity [8] . On the other hand, it was reported that the administration of quercetin was decreased the oxidative stress caused by alloxan-induced diabetes in mice [9] .
In this study, the effects of maternal diabetes on fetal kidney malformations in and its relationship with oxidative stress using an experimental animal model were evaluated. Moreover, the role of quercetin in the prevention of fetal malformations in kidney tissues and corresponding changes of oxidative stress factors were studied histologically.
EXPERIMENTAL Animal study and experimental design
In order to induce the diabetes in rats; streptozotocin (Sigma -Aldrich) was intravenously injected (50 mg/kg of rat's weight) [10, 11] . Subsequently, the blood glucose was measured after a week using a glucometer and via tail vein blood samples. The wistar rats with the blood glucose levels higher than 250 mg/dl were considered as diabetic rats. For mating, each female rat was subjected to a male one. When a vaginal plug was found in the evening of the following day, the copulation day as zero day gestation. The pregnant rats were kept separate in the four groups of the same conditions, diet, environmental humidity, and temperature (23 ± 2°C) and drugs were administered as follows:
Normal saline was orally administered (control group) to healthy pregnant rats of the first group on 0, 7, 14, and 20 days of gestation. Quercetin (Sigma-Aldrich) was administered by gavage (75 mg/kg) to healthy pregnant rats in the second group on 0, 7, 14, and 20 days of gestation (control group) [13] . Normal saline was orally administered to pregnant diabetic rats of the third group on 0, 7, 14, and 20 days of gestation (diabetic control group); Quercetin was administered by gavage (75 mg/kg) to pregnant diabetic rats in the fourth group on 0, 7, 14, and 20 days of gestation (diabetes group treated with quercetin).
On the 20 th day of gestation (a few hours after the last injection), rats were euthanized and then the foetuses were removed. Thereupon, the left and right fetal kidneys were immediately removed. The right kidney of fetus was placed in 10% buffered formalin to prevent cellular changes resulting from autolysis and cell corruption. Left kidney was stored at -70 for later evaluation of the oxidative stress status.
Pathological studies
The right fetal kidney samples were fixed in 10% buffered formalin solution. Fixed samples were dehydrated in aggraded series of alcohols, cleared in xylene, embedded in paraffin, and cut with microtome at 5 to 6 μm. The sections were mounted on glass slides, deparaffinized and stained with Haematoxylin and Eosin (H & E) for light microscope observations [14] . The Pathological studies were done using digital Dino-Lite lens and Dino-capture 1 software (AnMo Electronics Corp., New Taipei City, Taiwan). In order to count the number of glomeruli and necrotic tubules in each group, 5 slides were prepared and investigated in 5 different fields at 40x magnification.
Measurement of oxidative stress and antioxidant indices
Frozen tissues (left kidneys) were rapidly thawed and homogenized with a homogenizer (Heidolph, Germany) in cold phosphate buffer (pH 7.4) in a ratio of 1:10. Then, the supernatant was removed through centrifugation at 10,000 rpm for 10 min at 4 o C (Centrifuge 5415 R; Eppendorf AG, Hamburg, Germany) for subsequent analyses. The protein content of the supernatant was determined using the Bradford method with bovine serum albumin as a standard protein. The activities of GPx and SOD were evaluated using commercial kits (Randox, UK), according to the manufacturer's instructions. The catalase activity was measured as described previously, in which the homogenized tissue was incubated with H 2 O 2 while the reaction was stopped by adding ammonium molybdate solution [15] . Moreover, the intensity of the yellow complex formed of molybdate and H 2 O 2 was measured at 410 nm and the enzymes activities were expressed as IU/mg protein.
Lipid peroxidation was quantified by measuring the formation of thiobarbituric acid reactive substances (TBARS) [14] . For a short time, 0.2 ml tissue homogenate added to 0.8 ml of a solution containing 15% (w/v) TCA, 0.375% (w/v) thiobarbituric acid, and 0.25 N HCL. Then the protein precipitant was removed by centrifugation at 5000 rpm for 5 min. The supernatants were transferred to glass test tubes containing 0.02% (w/v) butylated hydroxytoluene and heated for 15 min at 100°C in a boiling water bath, then cooled and centrifuged at 2000 rpm for 5 min to remove the precipitant. On the other hand, the absorbance was measured at 532 nm using spectrophotometer (Bio-RAD Model 680) and thiobarbituric acid levels were expressed as nmol/mg protein.
Statistical analysis
The results are reported as the mean ± SEM. Statistical significance between groups was determined using SPSS (Version 16; SPSS Inc., Chicago, USA) and compared via one-way ANOVA followed by LSD post hoc comparisons. Mean difference was statistically considered significant at p ≤ 0.05.
RESULTS
In the microscopic examination, it was observed that in fetal kidney tissues of the control group were completely undeveloped and they contained more embryonic connective tissues. Moreover, the external coating process of simple squamous cells of Bowman's capsule was not developed. As a result, it can be said that the differentiation was not complete though development continued. Although, in all foetuses of the control group (Figure 1, Figure 2 and Figure 3 ) and the groups being treated with quercetin ( Figure 2 ) though no specific lesion was observed in proximal and distal renal tubules. The periglomerular space along with proximal and distal renal tubules were not different in their appearance. Moreover, kidney tissues and texture were normal.
The nephrogenesis in fetal kidneys of the diabetic group delayed more than the others (Figure 2 and Figure 3 ). In addition, among the diabetic samples, the least focal necrosis was observed in the diabetic group which had received quercetin ( Figure 2 and Figure 3 ). The numbers of necrotic tubules were counted in the treated and non-treated diabetic groups and their mean (± standard error) obtained as were 11.40 ± 1.66 and 7.20 ± 0.86, respectively, which indicated a statistically significant difference (p =0.02). The tubular necrosis was not observed in the non-diabetic groups. Furthermore, the increased periglomerular space was observed among 10% of the diabetic kidney samples. The glomeruli were counted at 5 fields of the microscope in each group and their means in the control, quercetin, diabetic and quercetin-treated diabetic groups were 9 ± 1.22, 9.4 ± 1.34, 6 ± 0.7, 8.4 ± 0.87, respectively. The number of glomeruli significantly was fewer in the diabetic groups than the non-diabetic groups (Figure 4 ).
GROUPS Figure 4:
The number of renal glomeruli in studied groups (mean± SEM). * Values significantly varied between the diabetic and non-diabetic groups MDA level in fetal kidneys increased significantly in the non-treated diabetic group and quercetin treatment prevented it. The SOD activity in the fetal kidneys decreased significantly in the nontreated diabetic group while quercetin treatment prevented it. However, the SOD activity in the control group was significantly higher than that of the other groups. Statistical analysis of the enzyme activity (GPX) in the studied groups under study revealed that the induction of diabetes reduced GPX activity in the renal tissues of diabetic fetus unlike others, and treatment with quercetin intensified the activity of GPX. The catalase activity significantly decreased in the non-treated diabetic group and quercetin treatment prevented it. Quercetin increased the catalase activity in the non-diabetic rats (Table 1 ). 
DISCUSSION
In this study, the protective effect of quercetin was evaluated in terms of histopathological changes and oxidative stress in fetal kidneys based on the experimental diabetic model. The results showed that maternal diabetes in pregnancy increased the severity of histopathological changes and oxidative stress indices.
Treatment with quercetin corrected these changes.
In similar previous studies, the protective effects of quercetin were well-documented. It was reported that quercetin administration (15 mg/kg) for three consecutive days, prevented hyperglycemia induced by streptozotocin, reduced the oxidative stress, and increased the antioxidant enzyme activity [8] . Furthermore, Orsolic et al demonstrated that intraperitoneal administration of 50 mg/kg quercetin for 7 consecutive days protected animals from oxidative stress caused by alloxan diabetes in mice [9] .
The increase in ROS levels caused damage to proteins, lipids, and DNA due to increase in oxidative stress in particular conditions such as diabetes mellitus. This will continue dynamic decreases in the system [16] . It was shown that enzymes activities such as catalase, GPX decreased in the kidneys of diabetic rats; however, using of alpha-lipoic acid and vitamin C increased the activity of these enzymes [6] . Glutathione peroxidase (GSH-Px) is an enzyme defense mechanism, including biological membranes and other components of a cell that protects cells against the oxidative damage [17] .
It was reported that the kidney function reduced in the diabetic rats. Moreover, the expression of SOD and the catalase activity decreased in the diabetic rats, while the using alcoholic extract of Vitex doniana leaves increased the activity of these enzymes [18] . The result of another study was showed that hyperglycemia in diabetic mice increased the oxidative stress; however, selenium prevented oxidative stress and tissue damages [19] . In this study, diabetes caused dilation of the urinary space and the nephrogeneis delay. The number of tubular necrosis in the diabetic control group was higher than quercetin-treated diabetic group. The quercetin with antioxidant properties could prevent the effect of diabetes on the rat's fetus.
In similar studies, the role of antioxidants in reducing diabetes-related malformations has been considered. Other studies reported that diabetes impairs kidneys and taking antioxidants can prevent these changes. Similarly, it was revealed that vitamin E and C can reduce changes in the glomerular structures caused by diabetes, which confirm the results of this study [20] . Histopathological damages in experimental diabetic mice including glomerulosclerosis and connective tissue replacement by tubules resulted in damaged kidney tissues and the presence of denominated lymphocytes in renal interstitial cells [21] . Moreover, damaged cells and destruction of the cortex along with proximal and distal tubules, as well as the increase in the space between the tubular were reported in the kidney tissues of diabetic rat [22] . To date, many studies on the mechanism of diabetes mellitus and its effect on nephropathy have been conducted recently [23] .
In a study, considering the results of experimental diabetes [23] , the effects of vitamin E and quercetin on the morphologic alterations of kidneys in the rats treated with cyclosporine A were investigated, the results of which showed that the treatment with vitamin E along with quercetin prevented severe damage, moderate and mild renal tubules, corresponding with the results of experimental diabetes [24] . Moreover, quercetin reduced the inflammation of the kidneys in the diabetes induced by streptozotocin in rats [25] . Likewise, it was shown that the administration of quercetin decreased the cell damage induced by cisplatin in the urinary tubules in rats [26] . Although the provirus research studies the effect of protective quercetin on teratogenic features of diabetes, the results of this study highlight the fact that is required more studies for a more accurate evaluation of its effect on drugs, especially with respect to the existence of interfering factors.
CONCLUSION
The role of quercetin in eliminating teratogenic effects of diabetes is here reported for the first time. Experimental diabetes can causes fetal anomalies including kidney damage but these changes are ameliorated by quercetin. On the other hand, diabetes increases MDA level but decreases antioxidant enzyme activities in fetal kidneys. Thus, quercetin has a protective effect on some biochemical and pathological changes in kidney foetus harvested from diabetic mothers.
DECLARATIONS

